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LARGE LOGARITHMS IN JET PROCESSES
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LARGE LOGARITHMS IN JET PROCESSES

gap.

2. 2Eout < Qo ‘
/ ,\/\/\’\/\NV

unrestricted Ein ~ Q

%

= In(Q/Qo) > 1

Perturbative expansion:

O ~ OBorn X {1 + ol + agLZ}

T

state-of-the-art: 2-loop order
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LARGE LOGARITHMS IN JET PROCESSES

Non-global logarithms at lepton colliders

» high-energetic radiation restricted to certain regions (inside jets)

» large logarithms not contained in parton showers
» single-logarithmic effects ~ (a, L)" at lepton colliders

» resummation in large-N. limit using BMS integral equation

J. Banfi, G. Marchesini, G. Smye: JHEP 08 (2002) 006

At hadron colliders, non-global logarithms take on more intricate form,
and no generalization of BMS equation exists!
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LARGE LOGARITHMS IN JET PROCESSES

gap: ‘
2Eout < Qo ‘
i /

unrestricted Ein ~ Q

%

= In(Q/Qo) > 1

Perturbative expansion including “super-leading” logarithms:

O ~ OBorn X {1—|—043L+04§L2+a§[/3—|—a§l}5+042L7+...}
—
formally larger than O(1)

J. R. Forshaw, A. Kyrieleis, M. H. Seymour: JHEP 08 (2006) 031
/:P
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LARGE LOGARITHMS IN JET PROCESSES

gap: ‘
2Eout < Qo ‘
i /

unrestricted Ein ~ Q

%

= In(Q/Qo) >1
Really, double logarithmic series starting at 3-loop order:
0~ 0Born X {1+ asL+a;L” + (asm) [a; L’ + L +...]}
H/_/

(%m L)2 formally larger than O(1)
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COULOMB PHASES BREAK COLOR COHERENCE

Super-leading logarithms

4

breakdown of color coherence due to a _‘p _
subtle quantum effect: soft gluon i
exchange between initial-state partons p_§

+ ) 7' (as) + 0(a})

()

soft anomalous dimension:

T; - T; W
F({]_?},,LL) — Z Tj /YCUSp(OéS) In
(27)
where s5;; > 0 if particles i and j are both in initial or final state

imaginary part (only at hadron colliders):

ImT({p}, 1) = +27 Yeusp(as) Ty - Th + ( .. ) 1

T

irrelevant .
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THEORY OF NON-GLOBAL LHC OBSERVABLES
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Michael E. Peskin « Daniel V. Schroeder

Factorization
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THEORY OF NON-GLOBAL LHC OBSERVABLES

Novel factorization theorem from SCET

o2 m(Q, Qo) = Z /dilfldilfz Z KH%({ELQ,MJ@?

a’7b:(J767g m:2—|—M *

T. Becher, M. Neubert, D. Y. Shao: Phys. Rev. Lett. 127 (2021) 212002 ‘
high scale low scale

Renormalization-group equation:

M (k. Qo) = = 3 Mk Qo) T Q. )

operator in color space and in the

infinite space of parton multiplicities

All-order summation of large logarithmic corrections, including
the super-leading logarithms!
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THEORY OF NON-GLOBAL LHC OBSERVABLES

Evaluate factorization theorem at low scale i, ~ O,

» low-energy matrix element:
W%({ﬂ}? Q07x17aj27 /'LS) — fa/p(xl) fb/p($2) 1 + O(Oés)

» hard-scattering functions:

Hi({n}, Q,ps) = > H*({n},Q,Q) Pexp

<m

/ WP ({n}, , m}

Im

» expanding the solution in a power series generates arbitrarily high
parton multiplicities starting from the 2 — M Born process
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THEORY OF NON-GLOBAL LHC OBSERVABLES

Evaluate factorization theorem at low scale i, ~ O,

» anomalous-dimension matrix:
(V4 R, 0 0 \

0 Vi Ry 0 ---
il IR R

» action on hard functions:

Hin Vi = Z i. + i.
(i5) J J
3
oy
(i7) J
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RESUMMATION OF SUPER-LEADING LOGARITHMS

Extract all-order series of super-leading logarithmic (SLL)

» infinite series starting at 3-loop order:

©.@,

05\ opis (— -
— rn y Lo
TSLL = OBom ) (477) 2n—|—3 | Z 47°

n=0

2 With ten baSiC CO I or structures: T. Becher, M. Neubert, D. Y. Shao: in preparation

" M+2 4 6 ]
Crn = =2567% (4N)" 7 | D T3 Y a” (Hamr OF) = Ty > d7 (Haom S)7)
L =3 i=1 i=1 -

» kinematic information contained in (M + 1) angular integrals:

ni-nj

ds

4 n; - NgNj - N
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RESUMMATION OF SUPER-LEADING LOGARITHMS

Extract all-order series of super-leading logarithmic (SLL) terms

P M aSte r fo rmu | a. T. Becher, M. Neubert, D. Y. Shao: in preparation

M+-2

Crn = —25672 (4N)" ™ | Y J, Z D Hy o O — T Z & (Honr Si)

7=3 1=1
» example color structures:

O = fope frae T {TY, T} T — (1 5 2) S5 = duge dyee [TQ“ (TTTETY), + (1 2)]

» coefficient functions:

&) =21 (3N, +2)" + (3N, — 2)"]

. 3N.+2)  (3N,—2)" (2N
40 = 1N, BN.+2) | ) (2N,)
N, +2 N, —2 N2 —4
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RESUMMATION OF SUPER-LEADING LOGARITHMS

Simplifications for (anti-)quark-initiated processes

» in fundamental representation, symmetrized products of color
generators can be reduced (o; = * 1 for (anti-)quarks):

1
{1}&7 CZ:,b} — F 5ab + 05 dabc 1—;0

C

» simple results in terms of three non-trivial color structures:

M2
Crp = —2°7"7% (4N,)" { > Ji(Hoou [(Ty — o) - Ty — 27 ' N (01 — 02) daye T Ty T )

j=3

—2(1=08,0) J2 (Hoonr [Cr1+ (2" = 1) T - T >}

T. Becher, M. Neubert, D. Y. Shao: Phys. Rev. Lett. 127 (2021) 212002
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RESUMMATION OF SUPER-LEADING LOGARITHMS

Summation of super-leading logarithms for gg — gg scattering:

O‘éi)L — —O0Born % AY 30 | w 2F2(1, 1; 2, §; —w)
817'(' | T \ 2/
w =

T 30 72

1-loop factor -

T. Becher, M. Neubert, D. Y. Shao: Phys. Rev. Lett. 127 (2021) 212002

» asymptotic behavior for o VA= 500 GeV, AY =2
L - oo T N
5 3 = of ..
w 2 F5(1,1;2, 5 —w) — 5 [ In(4w) + vg — 2] g : nz::l
T ' SLLs only!
» expect larger effects for .| | | cony
ce : : 1 (>4 loops)
gluon-initiated processes | ; |
~10 26 25 30 3‘5 40 45 50

| 4
Matthias Neubert — 13 JGU Mainz mtp



RESUMMATION OF SUPER-LEADING LOGARITHM

IMPORTANT REMARKS

» SCET-based approach solves 16-year old QCD problem, extending
existing results to all orders of perturbation theory and to arbitrary

2 — M hard-scattering processes

» master formula also applies to cases where M = 1 or even M = 0,

which were not considered before (SLLs start at 4- and 5-loop order,
respectively)

» relevant for both SM phenomenology (e.g. pp — h + jet) and
New-Physics searches (e.g. WIMP searches in pp — jet + E;)
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CONCLUSIONS

Complete theory of LHC jet processes
» powerful new factorization theorem derived using SCET

» in future, extension to massive final-state partons and calculations
beyond leading logarithms

» detailed study of low-energy matrix elements using SCET with
Glauber gluons will offer ab initio understanding of violations of
conventional factorization

» new levels of theoretical precision in predictions for important
LHC processes and future improvements of parton showers
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